Objective: Two cases of cerebral venous sinus thrombosis (CVST) effectively recanalized endovascularly by a combination of thromboaspiration using Cerulean catheter DD6 and stent retriever device are reported.
Introduction
In cerebral venous sinus thrombosis (CVST), the venous pressure increases due to occlusion of the venous sinus, and if the venous return is disturbed, the condition eventually progresses to venous infarction and venous hemorrhage, leading to a poor neurologic outcome. Therefore, early recanalization of the major venous sinus is an important point in its treatment.
We report two cases of CSVT with occlusion of a major venous sinus and venous congestion presenting with progressive neurologic symptoms in which effective recanalization could be achieved by thromboaspiration concomitantly using a Cerulean DD6 (Medikit, Tokyo, Japan) connected to the Penumbra aspiration system (Penumbra, Alameda, CA, USA) and a stent retriever.
hyperuricemia. His medication history included amlodipine besilate, bezafibrate, and allopurinol.
On arrival, he showed a Japan Coma Scale (JCS) 0 state of consciousness, headache, and vomiting, but no clear neurologic deficits.
On blood tests, the cell counts, blood chemistry, clotting parameters, immunological indices, and tumor markers were all normal.
Concerning imaging findings, head MRI disclosed thrombosis from behind the superior sagittal sinus (SSS) predominantly to the right transverse sinus (TS)-sigmoid sinus (SS) and to the right internal jugular vein (IJV). Cerebral angiography (DSA) showed complete occlusion from behind the SSS to the right TS, partial occlusion of the confluence, reduced perfusion of the left TS and venous congestion (Fig. 1) . No clear intracranial hemorrhage or subarachnoid hemorrhage was noted.
Since the patient had a 2-week history of progressive symptoms accompanied due to occlusion of the major venous sinus and marked venous congestion, endovascular treatment was selected for early resolution of symptoms and avoidance of hemorrhage due to congestion.
Heparin was intravenously injected at 4000 units. A 6 Fr. FUBUKI Dilator Kit STR 80 cm (Asahi Intecc J-sales, Nagoya, Japan) was placed in the right IJV, and the occluded right TS was recanalized with a 6 Fr. Cerulean DD6 STA 118 cm using a coaxial system consisting of a 4.2 Fr. FUBUKI 130 cm (Asahi Intecc J-sales) and a Radifocus 0.035 inch 150 cm. The Cerulean DD6 could be guided easily to a point near the thrombus behind the SSS using the 4.2 Fr. FUBUKI as an inner catheter. The 4.2 Fr. FUBUKI 130 cm was extracted from the Cerulean DD6, a Marksman (Medtronic, Minneapolis, MN, USA) was guided to a point distal to the thrombus using a Traxcess14 200 cm (Terumo, Tokyo, Japan), and a Solitaire FR 6 × 30 mm (Medtronic, Dublin, Ireland) was deployed at the site of thrombosis. The 6 Fr. Cerulean DD6 was connected to the Penumbra aspiration pump, and a large volume of red thrombus could be retrieved by performing aspiration while withdrawing the entire system. Thrombectomy was performed three times at the site of occlusion by the same method, the SSS to the left TS could be recanalized, and the blood flow was improved. At this point, the right TS was unchanged, but partial 
Case 2
The patient was a 21-year-old male with no particular clinical history or medication history. He had developed progressive severe headache and disturbance of consciousness from 3 days before and was transported by ambulance. On arrival, the consciousness was JCS10-R, and severe headache and restlessness were noted, but no other local symptoms were evident. On the blood tests, the Antithrombin III (ATIII) activity was 49%, ATIII antigen was 11.6 mg/dL, and α2MG was 252 mg/dL.
Head CT and head MRI showed thrombosis from behind the SSS to the bilateral TS, and MR susceptibility-weighted imaging (MR-SWI) of the head showed marked congestion of the cortical veins, primarily, of the right hemisphere. On DSA, the SSS was occluded, the right TS was completely occluded, and the left TS was partially occluded (Fig. 4) . No clear intracranial hemorrhage or subarachnoid hemorrhage was noted. recanalization was achieved by performing the same thrombectomy procedure once. Confirmation angiography showed improvement in perfusion from the SSS to the confluence and left TS with alleviation of left venous congestion (Fig. 2) . While partial occlusion of the right TS persisted, we ended the treatment at this point by judging that the objective of treatment was achieved as the cerebral venous drainage tract could be secured with alleviation of left venous congestion.
Continuous intravenous infusion of heparin was performed after the procedure. Next day, the headache and vomiting were disappeared, so he took an oral warfarin instead of heparin infusion. No occurrence of neurologic deficits was observed. DSA was performed 7 days after the procedure showed patency of the recanalized sinuses, and MRI 52 days after the procedure confirmed the absence of thrombus behind the SSS to the right IJV (Fig. 3) . The patient was discharged 16 days after the procedure with a modified Rankin Scale (mRS) score of 0. Since the patient had progressive symptoms of 3-day duration, was difficult to sedate due to restlessness, and had occlusion of major venous sinuses accompanied by venous congestion, endovascular treatment was selected to alleviate symptoms and prevent exacerbation of the condition by early recanalization.
On DSA, the left IJV was clearly delineated, but the right IJV was obscure. While venous congestion of the right hemisphere suggested that it was optimal to approach the lesion via the right IJV, the left IJV was selected as the approach route in consideration of the safety of device navigation. Heparin was intravenously injected at 4000 units. An 8 Fr. Brite tip (Johnson & Johnson, Fremont, CA, USA) was placed in the left IJV, and the occluded part of the SSS was passed using Excelsior SL-10 (Stryker, Kalamazoo, MI, USA) and CHIKAI 14 200 cm (Asahi Intecc J-sales) in combination. While gradually descending the devices proximally from a point distal to the thrombus, UK was intravenously injected topically at 12 × 10 4 units. Next, balloon thrombofragmentation was performed a total of 16 times using a Jackal 4.0 × 40 mm (Kaneka Medical Products, Osaka, Japan) and a Jackal 5.0 × 40 mm, but effective recanalization could not be obtained. A Solitaire FR 6 × 30 mm was guided to a point distal to the thrombus using a coaxial system consisting of a 6 Fr. Cerulean DD6 STA 118 cm, a Marksman, and a CHIKAI 14 200 cm and was deployed at the site of thrombosis. The Cerulean DD6 was connected to the Penumbra aspiration pump, and, by performing aspiration while withdrawing the entire system, a large volume of red thrombus could be retrieved in the DD6 (Fig. 4) . Thrombectomy was performed two times by the same procedure, resulting in persistence of delayed drainage of the venous sinus but partial recanalization from behind the SSS to the left TS and alleviation of congestion of the right cortical veins (Fig. 5) . With alleviation of right venous congestion after recanalization of the SSS to the left TS, headache and restlessness were also resolved. While no change was observed in right TS occlusion, we judged that the objective of treatment was achieved and ended the treatment at this point.
Blood tests on admission showed a reduced ATIII activity, low ATIII antigen level, and high α2MG level, and a diagnosis of CSVT due to ATIII deficiency was made. After endovascular treatment, an ATIII preparation was including headache, convulsion, nausea/vomiting, disturbance of consciousness, hemiplegia, and aphasia, and the SSS and TS account for 70%-90% of the occluded venous sinuses. Occlusion of venous sinuses increases the venous pressure, and if it also disturbs the venous perfusion, the condition progresses eventually to venous infarction and venous hemorrhage with a poor neurologic outcome. Therefore, early recanalization of the occluded major venous sinuses is an important point in its treatment. 1) Anticoagulant therapy is the first choice, 2) but if CVST is resistant to usual anticoagulant therapy, or if prompt resolution of symptoms associated with venous congestion such as severe nausea and disturbance of consciousness is necessary, endovascular treatment is indicated. A randomized controlled trial (RCT) to compare the effectiveness of administered simultaneously with continuous intravenous infusion of heparin, and the regimen was changed thereafter to an oral warfarin. DSA performed 12 days after the procedure showed improved delineation of the right TS (Fig. 5) . The patient was discharged 16 days after the procedure with a mRS score of 0.
Discussion
CVST affects relatively young individuals, but its incidence is low, accounting for 0.5%-1.0% of all strokes. It is caused by congenital (anticoagulation protein deficiency) or acquired factors (trauma, infection, pregnancy, antiphospholipid antibody syndrome, malignant tumor, oral contraceptives, etc.). It exhibits a variety of symptoms mechanical thrombofragmentation using devices such as the microsnare, mechanical thrombectomy using a stent retriever, and thromboaspiration using the Penumbra aspiration system. [4] [5] [6] [7] Methods such as thromboaspiration combined with conventional thrombolytic therapy, mechanical thrombofragmentation, and mechanical thrombectomy have also been reported. [8] [9] [10] [11] [12] [13] [14] [15] According to the systematic review of endovascular treatment for CVST performed at 42 institutions (185 cases) between January 1995 and February 2014 by Siddiqui et al., the mainstay of treatment was AngioJet (40%), followed by the snare (31%), balloon angioplasty (25%), and Penumbra system (7%), and endovascular treatment with that of heparin anticoagulant therapy is in progress, and its results are awaited. 3) We selected endovascular treatment in the two patients reported here because they showed progressive headache, nausea, and restlessness and were judged to need prompt control of symptoms. This resulted in early recovery of venous perfusion and discharge of both patients 16 days after the procedure without symptoms. Endovascular treatments for CVST include thrombolytic therapy in the venous sinus using recombinant tissuetype plasminogen activator (rt-PA) or urokinase, AngioJet Rheolytic catheter, balloon angioplasty, stent placement, The method that we have proposed has limitations. While no luminal collapse is observed by usual aspiration using the Penumbra aspiration system within the limit of aspiration pressure (−67.7 kPa), there is a possibility of its occurrence when the Cerulean DD6 is used because the limit of aspiration pressure with Cerulean DD6 is unknown. In actual treatment, however, no luminal collapse was noted even when aspiration was performed by connecting the Cerulean DD6 to the pump, and it could be used similarly to the Penumbra aspiration system. Also, since the Cerulean DD6 is less flexible than the Penumbra, whether or not it can be applied to all cases of CVST is unclear. Further accumulation of cases and validation are necessary concerning these points for the future.
Conclusion
In endovascular treatment for CVST, thromboaspiration with a combination of the Cerulean DD6 connected to the Penumbra aspiration system and a stent retriever is considered a safe and effective procedure that is expected to yield a high recanalization rate.
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thrombolytic therapy was performed in 71% of the patients. However, the complete recanalization rate by AngioJet was only 55%, and this low recanalization rate was associated with a poor outcome and complications. 16) The recanalization rate is considered to be higher by mechanical thrombectomy and thromboaspiration than by mechanical thrombofragmentation or thrombolytic therapy because a large volume of thrombus can be retrieved at one time, and treatments by the Penumbra aspiration system alone, stent retriever alone, and a combination of the Penumbra and stent retriever have been reported to be effective ( Table 1) . This combination is considered to improve the recanalization rate since a large volume of thrombus can be retrieved at one time including thrombus at the origins of cortical veins as well as that in major venous sinuses. 6) In this study, we selected a combination of the Penumbra aspiration system and a stent retriever as endovascular therapy for CVST. In addition, as a modification, the Cerulean DD6 was used by connecting it to the Penumbra aspiration system. The 6 Fr. Cerulean DD6 (internal diameter: 0.072 inch) has a lumen larger than that of Penumbra 5MAX ACE (internal diameter: 0.060 inch) and a greater thrombus retrieving ability and was considered to be more useful for the treatment of CVST, in which a large volume of thrombus must be removed. 16) Moreover, we also modified two points: safe navigation of the Cerulean DD6 in the venous sinus and thrombus retrieval. Concerning the first point, navigation of the Cerulean DD6 using a microcatheter and a microguidewire was difficult in Case 1, but it was facilitated by the use of a 4.2 Fr. FUBUKI and a Radifocus 0.035 inch. However, compared with the microguidewire, the Radifocus 0.035 inch has a greater risk of vascular perforation if it erroneously enters a bridging vein. Therefore, sufficient fluoroscopic confirmation of its position is necessary. The second point is simultaneously performing stent retrieval and pump aspiration. According to the literature, Marksman was reported to be completely withdrawn from the aspiration catheter during pump aspiration to enhance the aspiration efficiency of venous thrombus, 6) but we kept Marksman and made pump aspiration while holding the venous thrombus with the stent and thus could retrieve a large volume of venous thrombus at one time without omission. In addition, by sufficiently washing the entire system including the Cerulean DD6 with heparinized saline after each recovery of the stent retriever, thrombus formation and attachment of thrombus in the catheter could be prevented.
